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1.0
INTRODUCTION

The purpose of this Toxicity Assessment Technical Memorandum 1s to present the toxicity
factors that will be used in the human health risk assessment for Operable Unit No 6 (OU6)
at the Rocky Flats Plant This Technical Memorandum presents EPA-verified and provisional
carcinogenic slope factors (SFs) and noncarcinogenic reference doses or reference air
concentrations (RfDs or RfCs) for potential cheniwa@ of concern detected 1n environmental
media in OU6 In the human health nsk assessment, estimated levels of intake of chemicals
of concern are compared with the toxicity factors to estimate potential risk associated with
exposure

~
2

Toxicity factors are provided for all petential chemicals .of -concern; 1e, metals and
radionuchides detected above background levels and al! detectéd organic target analytes
Chemacals of concern for evaluatwn?m the E;uantxtatx\re baseline risk z;ssessment were selected
using established procedures from EPA guidance (USEPA ’1§89) and agreed upon by all
parties to the Interagency Agreement for Rocky Flats signed in 1991 The details and the
results of the chemicals of concern selection process are presented 1n Technical Memorandum
No 4, Chemicals of Concern (USDOE T9922)wj S

g T

The pr:ncxparlndexes of toxicity for chemicals with noncarcinogenic effects are the oral RfD
and inhalation RfC  RfDs and’RfCs can'be considered threshold doses or exposure levels
At chemical doses or exposures below threshold values adverse effects are not expected to
occur RfDs. dand RfCs mtcorporate a number of safety factors to ensure that they are
protective of the health of all hummhan populations, including sensitive subgroups (e g, children
and the elderly)

Oral and inhalation SFs are used to characterize the potency of carcinogens SFs are used
to estimate the upper-bound probability of an individual developing cancer as a result of
exposure to a potential carcinogen A SF 1s a dose-response factor used to relate carcinogenic
response to chemical dose EPA policy assumes that carcinogenic responses have no
threshold, and that exposure to a carcinogen may result in some finite cancer risk at any dose,
no matter how small (USEPA 1989)

(4047 832 0013 853)(R1)(9/1/94 3 15 pm)(1) 1-1
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Slope factors for radionuclides are derived considering the energy level of the radionuclide
and residence time of the radionuclide in various body tissues Duration of exposure 1s
determined by the residence time of the radionuclide Adverse health effects of external
exposure to radionuclides are determined by the energy level of the radionuclide and duration

of the exposure (1 e, time spent at the exposure point)

EPA assumes that any dose of a radionuclide has the potential to produce carcinogenic effects
(no threshold) EPA does not recommend the evaluation of noncarcinogenic effects of
radionuchides because the impacts have been shown to be insignificant compared to
carcinogenic effects at most EPA Superfund sites with radionuclide contamination (USEPA
1989) EPA has developed both internal (1 ¢, inhalation and ingestion) and external SFs for
the carcinogenic response to radiomichide exposure (USEPA 1993a and 1994) Although
more recent data on radionuclide dose-response relationships than that used to develop the
EPA SFs are available (1 e, the NRC 1990 BEIR V report and ICRP Publication No 60), they
have not yet been approved by EPA- Therefore, the currently approved EPA SFs (USEPA
1993a) will be used in the toxicity assessment section of the-human health nisk assessment
for OU6 » .

Note on assessing effects of ‘dermal exgosur Oml toxicity factors are generally used to

2

evaluate toxic effects from dermal contagtwmth contammated media This approach 1s
acknowledged by EPA (USEPA 1989, 1992) .Oral toxicity factors relate the toxic response
to amadmmmx&swfércd (1 e, ingested) dose of chemucils, only some of which may be absorbed
by the body, whereas dermal absorption résults 1n an absorbed dose of chemicals Therefore,
USEPA (1989) suggests adjusting the oral toxicity factors by chemical-specific
gastrointestinal absorption ‘rates, 1f available, to yield toxicity factors for dermally absorbed
chemicals Regarding using oral toxicity factors to evaluate response to dermal exposure,

USEPA (1992) states

Until more appropnate dose-response factors are available, 1t 1s recommended
that assessors use the oral factors Alternatively, if estimates of the
gastrointestinal absorption fraction are available for the compound of interest
in the appropriate vehicle, then the oral dose-response factor, unadjusted for
absorption, can be converted to an absorbed dose basis Lacking this

(4047 832 0013 853)(R1)(9/1/94 3 15 pm)(1) 1-2



information, the oral factor should be used as 1s accompanied by a strong
statement of the uncertainty involved (p 10-9, 10-10)

Since chemical-specific gastrointestinal absorption rates are not available for most chemicals,
unadjusted oral toxicity factors will be used initially to assess effects of dermal absorption
If dermal absorption of particular chemicals 1s demonstrated to be a potential significant
contributor to overall risk 1n the nsk assessment, a fnore detailed analysis of the toxicity by

dermal absorption may be warranted

USEPA guidance (USEPA 1989) states that 1t 1s 1napp§op;xate to use oral SFs to evaluate the
nsks associated with dermal exposureto polycyclic aromatic hydrocarbons (PAHs), which can
cause skin cancer through direct action at’the point of application In accordance with EPA
gudance, generally only a qualitative assessment of risks from dermal exposure to PAHs 1s
possible Therefore, only oral exposure; to.PAHs will be evalggteg quantrtatively in the nsk

assessment I, " e

ES £

%

»

The RfDs, RfCs, and .SFs that will be used in the OU6 risk assessment were obtained from
the following sources

S E

p—

. EPA's Integrated Risk quormatmnwgigsxex\% on-line database (USEPA 1994)

. NEPA’s Health Effects Assessment gummary Tables (USEPA 1993a)

~

S

e EPA's Environmental Criteria and Assessment Office (ECAO) for intennm and
provisional values
Section 2 0 of this Technical Memorandum discusses the basis of toxicity factors for
chemicals and radionuchdes and presents the chemical-specific toxicity factors that will be
used 1n the nisk assessment Section 3 0 lists the references cited

(4047 832 0013 853)(R1)(9/1/94 3 15 pm)(1) 1-3



2.0
TOXICITY FACTORS

The following sections discuss the derivation of RfDs, RfCs, and SFs Table 2-1 presents the
RfDs and RfCs for noncarcinogenic effects as well as SFs and the cancer weight of evidence
for carcinogenic effects for potential chemicals of concern at QU6 Toxicity factors for
inhalation and ingestion exposure are included in the table if available Table 2-1 also
includes the inhalation RfDs calculated from RfCs usxgxggl:e equation described 1n section 2 1

Table 2-2 contains cancer slope factors for inhalation, ingestion, and external exposures to
radionuclides EPA considers the critical effect of radionuclides to be carcinogenesis and the

weigh-of-evidence to be Class A (hun:;an .carcinogen)

21  TOXICITY FACTORS™-FOR NONCARCINOGENIC EFFECTS OF
CHEMICALS & .

&
<&

Fa

Substances that produce noncarcmogemc effects are generally thought to have a threshold
dose below which there are no ,observable adverse health effects In developing a toxicity
value for noncarcinogenic effects, the appmachmd,by EPA 1s to identfy this threshold
dose, or no—tfbserved-adverse-effect level (NOAEL) through studies with laboratory animals
or from epldemmloglcal (human) studies A NOAEL 1s defined as an experimentally (or
epidemuologically) determined hlghest dose at which there was no observed statistically or
biologically sigmficant effect of-concern For certain substances, only a lowest-observed-
adverse-effect.level (LOAEL) has been determined This 1s the lowest dose of a substance
that produces either a statistically or.biologically significant indication of the cntical toxic
effect The NOAEL or the LOAEL may be used in conjunction with appropriate uncertainty
factors to calculate the RfD (or RfC) of a particular chemical (USEPA 1989) Uncertainty
factors (usually a factor of 10 each) are used to account for protection of sensitive individuals,
extrapolation from animals to humans, extrapolation from subchronic studies to chronic
exposure, and extrapolation from LOAELs to NOAELs In addition, modifying factors
ranging from >0 to 10 may be included to reflect a qualitative assessment of additional
uncertainties in the derivation of the RfD or RfC

(4047 832 0013 853)(R1)(9/1/94 3 15 pm)(1) 2-1



The majonty of our toxicological knowledge of chemicals comes from expenments on
laboratory animals Experimental animal data historically have been relied upon by regulatory
agencies and other expert groups to assess the hazards of human chemical exposures,
although uncertainty 1s inherent 1in this approach because there are known interspecies
differences in chemical absorption, metabolism, excretion, and toxic responses There are
also uncertainties concemning the relevance of animal studies using exposure routes (1€,
intravenous 1njection) that differ from the human exposure routes under consideration
Additionally, the extrapolation of results from short-term or subchronic animal studies to
long-term exposures 1n human has inherent uncertmnty (USEPA 1989)

Despite the imitations of experimental animal data, such information 1s essential for chemical
toxicity assessment, especially in the absence of human epidemiological evidence The
uncertainty factors used in the denvation. of RfDs and RfCs.are intended to compensate for
data hmitations The use of uncertainty factors 1s conser;auye by design and 1s meant to
result 1n protective toxicity vah;es“(USEPA 1989) - The EPA bases the RfD on the most
sensitive animal species tested (1 e , the species that exper»xencé‘s* adverse effects at the lowest
dose) RfDs are typically calculated by dividing the N@AEL (or LOAEL) by uncertainty
factors, which range “from 10 to 1000 EPA ‘has developed a standard set of uncertainty
factors to account for variationsn the sensmvnty of individuals within a population and the
extrapolation of data from expenmenta? animals to.humans The RfD 1s expressed in umts
of mtakewf f miligrams of chemical per kﬁogram of body weight per day (mg/kg-day) for oral
exposure " The ‘methodology for denvmg Rstws more fully descnibed 1in the EPA's current
human health risk assessment gutdance (USEPA 1989)

Potential hazards from inhalation exposures may be estimated by comparing an air
concentration of a chemical to the RfC RfCs are expressed in concentration units of
milligrams of chemical per cubic meter of air (mg/m®) For the purposes of the OU6 nsk
assessment, 1n order to assess cumulative effects of both oral and inhalation exposures, the
RfCs are converted to inhalation RfDs so that chemical intake, rather than inhalation
exposure, can be evaluated A body weight of 70 kg and a respiration rate of 20 m*/day are
used to convert the RfC to the RfD (mg/kg-day) using the following equation

The EPA defines a chronic RfD (or RfC) as an estimate of a daily exposure level for the
human population that 1s unlikely to result in deleterious effects during a lifeime (70 years,

(4047 832 0013 853)(R1)(9/1/94 3 15 pm)(1) 2-2



ﬂg;x20m3

_ - m
R/D (mglkg-day) = RC | —o—r—mm T2 day

according to EPA guidance) A chronic RfD 1s used to evaluate the potential noncarcinogenic
hazards associated with long-term chemical exposures (7 years to a lifetime) Subchronic
RfDs have been developed for some chemicals to characterize potential noncarcinogenic
hazards associated with short-term chemical exposures The EPA defines subchronic
exposure as periods ranging from 2 weeks to 7 years (USEPA 1989) Subchronic RfDs tend
to be higher for many chemicals, generally by a factor of ten, than chronic RfDs because
higher doses can be tolerated for a shorter exposure duration Only chronic RfDs and RfCs

o

are shown in Table 2-1 ~ .

-

2.2 SLOPE FACTORS FOR.CARCINOGENIC EFFECTS OF CHEMICALS

S

.
e
ding,

In estimating the nisk posed by ;;ogentxal carcinogens, 1t 1s EPA-practice to assume that any
exposure level 1s as;QCIated w1th\ a finmite probability, however minute, of producing a
carcinogenic respense This is a conservative (pré‘tecjlve) :assumption that may overestimate
the response to-low doses of some suspected carc?noéens, especially those for which there
1s scientific evidence of a threshold dose- In other words, EPA assumes that a small number
of moleculdr-events can evoke changes 1n a smgle cell that can lead to uncontrolled cellular
prohfaratlon This mechanism for carcmogemclty 1s referred to as "non-threshold" since there
1S theoxetmally 1o level of exposure that does not pose a small probability of producing a

carcinogenic_ response p

2

«

The EPA also uses an evaluation process in which the chemical is assigned a cancer weight-
of-evidence classification The weight-of-evidence classification describes the degree of
confidence or likelihood, based on scientific evidence, that the substance 1s a human
carcinogen Table 2-3 defines the current EPA weight-of-evidence classification system

SFs for most chemicals are usually based upon the results of animal studies which, as

previously discussed, involve uncertainty  There 1s uncertainty whether all animal
carcinogens are also carcinogenic in humans While many chemical substances are

(4047 832 0013 853)(R1)(9/1/94 3 15 pm)(1) 2-3



carcinogenic in one or more animal species, only a small number of chemical substances are
known to be human carcinogens The EPA assumes that humans are as sensitive to all
animal carcinogens as the most sensitive animal species This policy decision 1s designed to
prevent underestimating risk and introduces the potential to overestimate carcinogenic risk
(USEPA 1989)

SFs are calculated from experimental or epidemiological data that quantitatively define the
relationship between average lifetime dose and carcinogenic risk (USEPA 1989) A number
of mathematical models and procedures have been developed to extrapolate from carcinogenic
responses observed at high doses 1n laboratory animals to potential responses expected at low
doses 1n humans EPA uses a conservative mathematical model, the lineanized multistage
model, for low-dose extrapolatxo{) XEPA identifies the SF as the upper 95th percentile
confidence limt of the slope of the reiwltmg dose-response curve The, SF 1s expressed in
units of nsk per mg/kg-day or (mg/kg-day)' and 1s used to estimate excess incremented
lifetme cancer-risk from the hfetlme average daily mtake of a cﬁ‘emxcél This represents an
estimation of an upper-bound probability that an lndivtdmLmlldeyelop cancer as a result of
exposure to the Qgtentlal carcitnogen  This model prdv&des a conservative (protective)
estimate of cancer risk a\t low doses and s likely to overestimate the actual cancer risk The
EPA acknowlédges that&gtua]”SFs are likely to*be between zero and the estimate provided
by the linearized multistage model (U’SEP@‘ EQES;), -

23 SLOPE FACTORS FOR RADIGNU(;LIDES

W
w

EPA's Health Effects Assgssmént Sun;;naryv Tables (USEPA 1993a) hst cancer SFs for
selected radionuchdes of potential .concem at Superfund sites  These values were calculated
by the Office of Radiation Programs and are intended for use in human health nsk
assessments EPA classifies all radionuclides as Group A carcinogens based on the extensive
weight-of-evidence provided by eS”idemnologxcal studies of radiation-induced cancers in
humans According to EPA, potential health rnisks at most CERCLA radiation sites are
usually based on the radiotoxicity (radioactivity), rather than chemical toxicity

Radionuchdes that enter the body may become incorporated into body tissues and emt alpha,
beta, or gamma radiation for the duration of the radionuclide's lifetime The potential adverse
effects of radiation are proportional to energy deposition The energy deposited in tissues is
proportional to the decay rate and the type of radiation (alpha, beta, gamma) rather than the

(4047 832 0013 853)(R1)(9/1/94 3 15 pmX(i) 2-4



mass of the radionuclide (USEPA 1989) Radionuclide intake 1s typically expressed in terms
of activity, either Cunes (C1) or Becquerels (Bgs) rather than mass (mg) Activity refers to
the number of nuclear disintegrations per unit ime The historic unit of activity 1s the Ci,
which 1s equal to 3 7 x 10"’ disintegrations per second The SI (Systeme Internationale) unit
of activity 1s the Bq, equal to one disintegration per second (1 Bq =2 7x 10" C1) EPA SFs
are provided n both units, nsk per picocurnie (pCior 1 x 102 C1*) ! and nsk per Bq (Bq)'
This Technical Memorandum uses radionuclide SFs expressed 1n risk per pCi (Table 2-2)

EPA SFs for radionuclides are characterized as best esumates (median or 50th percentile) of
the age-averaged, lifeime excess total cancer incidence (fatal and nonfatal) risk per umt
exposure to a radionuchide The SPBs are based on the unique chemical, metabolic, and
radiological properties of individual radionuclides They were calculated using a non-
threshold, linear dose-response model The model accounts for the amount of radionuclide
absorbed into the body, distribution, and retention, as well as ﬂxe age sex, and weight of an
average individual Therefore, YPA SFs for radionuchides are not ex‘pressed as a function of
body weight or time, and do not Tequire corrections for. absorptlon or lung transfer
efficiencies These slgge factors include daughter products when appropriate (USEPA 1993a)
Ingestion and inhdlation SFs-estimate risk per “umt“af activity inhaled or ingested expressed
as nsk/pCi External exposufe SFs aré“‘Bé‘%t"“esﬁmates of nisk for each year of exposure to
external radiation from ‘photon- emmmg radianu;i:d;z distributed umformly 1n a thick layer
of soil They are expressed as nsk/yryper pCs{grgm so1l It should be noted that the dose
dehivered to tissues from external radiation occurs only while the radiation field 1s present
However, the dose delivered to body tissues due to intake of radionuclides consumed 1n soil,
water, and/or food continues tong after intake of the radionuchide has ceased

Radionuchide concentrations 1n air, water, or sotl are multiplied by intake rates for internal
exposure, or by exposure times for external exposure, and then multiplied by SFs to estimate
potential health risk Radionuclide intake can also be multiplied by a dose coefficient to
estimate equivalent dose, which can then be compared to a radiation protection standard
Differences in the biological effects of different types of 10nizing radiation (1 e, alpha, beta,
gamma) are accounted for 1n the dose coefficients Table 2-4 contains the dose coefficients
for plutonium-239, plutonium-240, americium-241, and uranium 1sotopes They are the chief
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radionuchide chemicals of concern for OU6 1dentified in the Chemicals of Concern Technical
Memorandum (USDOE 1994)

Equivalent dose can be calculated for the whole body when there 1s uniform 1rradiation of all
tissues, or for individual organs when selected tissues are irradiated non-uniformly Rem
(radiation equivalent man) 1s the conventional unit of dose equivalent The corresponding SI
unit, the Sievert, 1s equal to 100 rem Absorbed dose 1s the energy deposited by 1onizing
radiation per unit mass of absorbing matenal (1 e, tissue) Ionizing radiation can only have
adverse effects on biological tissues whenr the radiation 1s absorbed in tissue  The
conventional unit 1s the rad which 1s equal to 100 erg per gram The SI unit, gray, 1s equal
to 100 rad
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TABLE 2-1
ROCKY FLATS OU6
TOXICITY FACTORS FOR
ORGANIC COMPOUNDS AND METALS
W
1/mg/kg-day) Weight of mg/kg-day Concentration

Analyte Oral Inhalation Evidence Oral Inhalation (*) mg/m’
1 1 Dichloroethane - - c 10E-01(2) 1 40E-01 S 0E-01 (3)
1,1-Dichloroethene 6 OE-01 (1) 1 2E-01 (2) e) 9 0E-03 (1) .

1,2,4-Trichlorobenzene - “. 10E-02 (1) 3 00E-03 9 0E-03 (3)
1 2 Dichloroethane 9 1E-02 (1) 9 1E-02 (1) B2 -

1,2 Dichloroethene - - 9.0E-03 (2)

cis-1,2-Dichloroethene - % 1.0E-02 (2)

1,4-Dichlorobenzene 24E-02(2) . c - 2 30E-01 80E-01(2)
2 Butanone - - D 6 0E-01 (1) 3 00E-01 1 0E+00 (1)
2-Chlorophenol - SQE-03 (1) - .
4-Methyl 2-pentanone - NN - S 0E-02(2) 2 30E-02 8 0E-02 (3)
4-Methyiphenol - 5 QE-03 (6) A

Acenaphthene - 6 0B-02 (1)

Acetone . - 10E-011) - -
Aldnn 17E+01(1) | I7tE+00(1) B2 | 30E05 ™ . -
Aluminum - “2.9E+00 (6)

Anthracene - . “-3.0E-01°(1)

Antumony - - 4 OE-04(1y - -
Arsenic 1 FE+00 () 1 5E+01 (7) A 30E04(1)

Barum “ “ - 70E-02(1) 1 40E-04 5 0E-04 (3)
Benzene 29E-02 (1) 2 9E-02 (1) WA - - -
Benzo(a)anthracene 73EQ1 (4) . B2. .

Benzo(a)pyrene F3E+00 (4) ~ 1 > -2 " -

Benzo(b)luoranthene . T8E01(9) - I - 7 SN -
Benzo(k)fluoranthene,, R3E-02(4) - .B2 -

Benzoic acid . . N - 40E+00 (1) -
Benzyl alcohol . . 30E-01(2)

Berylhum 43E+00 (1) 84E+00(1)~] * B2 S OE-03 (1) - -
Bis(2-tthylhiexyDphthalate | 1 4E-02 (1) . B2 2 0E-02 (1)

Butylbenzene (sec, tert) - 10E-02 (6) . -
Butyl benzylphthalate - - c 2 0E-01 (1)

Cadmium (food) 63E+00 (1) Bl 10E-03 (1)

Cadmium (water) - - Bl SOE-04(1)

Carbon disulfide - 10E-01 (1) 2 90E-03 1 0E-02(2)
Carbon tetrachlonde 1 3E-01Q1) 5 2E-02 (1) B2 70E-04 (1) -

Chilorobenzene . - - 2 0E-02 (1) 5 70E-03 2 0E-02 (3)
Chloroform 6 1E-03 (1) 8 0E-02 (1) B2 1 0E-02 (1) - .
Chromium 111 - . 1 0E+00 (1) - .
Chrysene 73E-02 (4) B2

Cobalt - - - 6 0E-02 (6) - -

D1 n-butylphthalate - D 10E-01(1) -
Di-n-octylphthalate D 20E-02(2)

Dibenzo(a,h)anthracene 7 3E+00 (4) B2 - . -
Dicthyl phthalate - 8 0E-01 (1)

Ethylbenzene D 1 0E-01 (1) 3 00E-01 1 0E+01 (1)

Sheet 1 of 2
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TABLE 2-1
(Concluded)
‘Wm
Slope Factors Weight of Reference Doses
Analyte Oral Inhalation Evidence Oral Inhalation (*) RfC
Fluoranthene - - 4 0E-02(1) - -
Fluorene - 4 0E-02 (1)
gamma-BHC - - . 30E-04 (1) . .
Heptachlor epoxide 9 1E+00 (1) 9 1E+00(1) B2 1 3E-05(1) -
Indeno(1 2,3-cd)pyrene 7 3E-01 (4) B2 . .
Lathium . . “u 2 0E-02 (6) - -
Manganese (food) - D 14E-01(1) 1 40E-05 S OE-05 (1)
Manganese (water) - - D | SeEo03q) - -
Mercury - - D 3:0E-04 (2) 9 00E-05 3 0E-04(2)
Methylene chlonde 7 SE-03 (1) 1 6E-03(1) B2 6 0E-02 (1) 9 00E-01 3 0E+00(2)
Molybdenum - SOE-03 (1) -
Naphthalene - - - 4 0E-02 (6) -
Nickel (salts) - N - 20E~02 (1)
Nitrate - - 1 6E+06 (1) .
Pentachlorophenol 1 2E-01Q1) - B2 30E-02 (1) -
Phenol - . D 6 OE-01 (1) P
Polychlonnated biphenyls | 7 7E+00 (1) - B2 .} .
Pyrene . D . 30E02(1) -
Selemum - - s OE-03 Qj - -
Silver - D S.0E-03 ()™ -
Strontium . N 6 0B-01 (1) -
Styrene . . 2,0E.01 (1) 2 S0E-01 1 0E+00 (1)
Tetrachloroethene S 2E-02¢5).. | 20E-03(5) B2 . 1 0E-02 (1) .
Thallium (oxide) - - L s . JOE-05 (2) .
Tin - - - & 0E-01 (2) -
Toluene ST T 20801 ) 1 10E-01 4 0E-01(1)
Trchloroethene™ 1 1E-02¢5) 6 0E-03 (5) ~B2 -
Xylenes - . - 2 0E+00 (1)
Vanadium N x 70E-03 (2) .
Zmc > . - D 3 0E-01 (1) -
Sources .
(1)=1RIS .
(2)= HEAST 1994 °
(3) = HEAST 1994 Table 2 w
(4) = (EPA 1993b) "
(5) = Joan S Dollarhide, Superfund Health Risk Techmcal Support Center "Carcinogenicity Characterization of
Perchloroethylene (PERC) and Trichloroethylene (TCE) (Luke Asr Force Base Anizona) ECAO
(6) = Provisional values for aluminum, butylbenzene, cobalt, lithsum, and naphthalene. USEPA. ECAO
(7) = Converted from IRIS unit nsks Oral proposed UR =5 00E-05/ug/L. Inhalation UR =4 30E-03/ug/m3
Oral SF = 5 00E-05 x 1000ug/mg x 70kg/2L. Inhalation SF = 4 30E-03/ug/m3x1000ug/mgx70kg/20m3
* Calculated from RfC RfD = RfC x 20m3/day/70kg.
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TABLE 2-2
ROCKY FLATS PLANT OU-6
SLOPE FACTORS
FOR RADIONUCLIDES
e — ——— e
EPA Cancer
GI Absorption Factor Oral ICRP Lung Inhalation External Weight of
Analyte &)® Rusk/pC) Class @ (Rusk/pC1) (Risk/yr/pC/g)  Evidence
Amencium-241 1E-03 2 4E-10 W 3 2E-08 4 9E-09 A
Cestum-137 +D 1E+00 2 8E-11 D 1 9E-11 2 0E-06 A
Plutonium-239 1E-03 2 3E-10 Y 3 8E-08 17E-11 A
Plutonium-240 1E-03 2 3E-10 Y 3 8E-08 2 7E-11 A
Radiim-226 +D 2E-01 1 2E-10 w 3 0E-09 6 OE-06 A
Radium-228 +D 2E-01 1 OE-10 W 6 6E-10 2 9E-06 A
Strontium-89 3E-01 3 0E-12 D 2 9E-12 4 7E-10 A
Strontium-90 +D 3E-01 3 6E-11 D 6.2E-11 0 OE+00 A
Tntium 1E+00 54E-14 * 7 8E-14 0 OE+00 A
Uramum-233,234% 5E-02 1 6E-11 Y 2 6E-08 3 0E-11 A
Uranum-235 +D 5E-02 1 6E-11 Y 2 5E-08 2 4E-07 A
Uranium-238 +D 5E-02 2 8E-11" Y 5 2E-08 3 6E-08 A
Source HEAST 1993 * .
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=

O=Gastrointestinal (GI) absorption factors are the fractional amdunts of each'radionuclide absorbed across the GI tract into the

BN

bloodstream -
@=L ung clearance classification recommended by the international Commussion-on Radiological Protection (ICRP) y=year, w=week,
d=day, *=gas K
® = Slope factors shown are for U-234 - )
‘ A = Class A (human) carcinogen = - )

mew W g

+D = Rusks from radioactive decay products included A25

o ~

™ (4047-832-0013-853) (TBL2 2 XLS) (9/1/94 6 00 PM) Sheet 1 of 1



TABLE 2-3
USEPA CARCINOGENICITY WEIGHT-OF-EVIDENCE CLASSIFICATIONS

_— e

Group A Human Carcinogen (sufficient evidence of carcinogenicity 1n humans)
Group B Probable human carcinogen
B1 Limuted evidence of carcinogenicity in humans
B2 Sufficient evidence of carcinogenicity in ammals with inadequate or lack of
evidence 1n humans )

Group C Possible human carcinogen (hmuted evidence of carcinogemicity in ammals and
wnadequate or lack of human data)
Group D Not classifiable as a human carcinogen (1nadequate-or no evidence)
Group E Ewvidence of noncarcinogen for humans (no evidence of carcinogen for humans (no
evidence of carcinogenicity 1n adequate studx}s)ﬁ\ .
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TABLE 2-4
ROCKY FLATS OU6
EFFECTIVE DOSE COEFFICIENTS FOR CHIEF RADIONUCLIDES OF CONCERN
Ingestion Inhalation
Radionuchde £@ (Sv/Bg) Class @ (Sv/Bq) External
Amencrum-241 1 00E-03 9 84E-07 w 1 20E-04 2 99E+00
Plutomum-239 1 00E-03 9 56E-07 W 1 16E-04 3 78E-02
1 00E-04 9 96E-08 Y 8 33E-05
1 00E-0S 1 40E-08
Uranium-234 5 00E-02 7 66E-08 D 7 37E-07 8 07E-02
2 00E-03 7 06E-09 w 2 13E-06
Y 3 58E-05
Uranium-235 5 00E-02 7 19E-08 D 6 85E-07 1 71EH01
2 00E-03 7.22E-09 w 1 97E-06
Y 3 32E-05
Uranium-238 5 00E-02 6-88E-08 D 6 62E-07 6 46E-02
2 00E-03 5 42E-09 w 1 90E-06
Y 3 20E-05

s
A3 -

™ Jdentified as radionuchdes of concern 1n the Chemical of Concern Techmeal Memorandum (USDOE 1994)

@ Fractional uptake from small intestine to blood

® Lung clearance class D = days, W = weeks, Y = years
“In units of millirem/yr per miicrocurie/square meters .
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